INTRODUCTION
============

It is well known that the obese population is increasing globally, and obesity in particular is increasing in children and adolescents.[@B1] Obesity in children and adolescents is known to easily progress to adult obesity, and to increase the risks of hypertension, type II diabetes and cardiovascular diseases.[@B2],[@B3]

The body mass index (BMI) is commonly used to evaluate obesity. It has the disadvantage, however, of being unable to figure out the degree of abdominal obesity, which is a risk factor of obesity-related diseases.[@B4] Furthermore, as the growth rate of children and adolescents varies depending on their age and gender, it is difficult to suggest a standard reference.

Various indices, including the waist circumference, the waist hip ratio (WHR), the abdominal sagital diameter, and fat measurement with ultrasonography, CT, and MRI have been used to measure obesity. In 1998, the World Health Organization (WHO) acknowledged that the waist circumference is a more accurate index of abdominal obesity than WHR.[@B5] In addition, the visceral fat area, measured with CT, is well known to most accurately reflect abdominal obesity.[@B6],[@B7] Accordingly, the use of the visceral fat area as reference for abdominal obesity has been proposed.[@B8],[@B9] Based on the aforementioned facts, the waist circumference has been used to diagnose metabolic syndrome. In 2007, the International Diabetes Association suggested the criteria for diagnosing pediatric metabolic syndrome, which were modified from the adult criteria based on age.[@B10] It is quite cumbersome, however, to follow the new criteria, as they require the calculation of the waist circumference percentile according to the standard growth graph. In addition, several recent studies reported that the waist-to-height ratio is more accurate than the waist circumference in measuring the risks of obesity-related diseases.[@B11],[@B12]

This study was conducted to measure the cut-off value of the visceral fat area that increases the risk of obesity-related diseases in Korean children and adolescents, and to calculate the cut-off value of the waist-to-height ratio that can be easily applied to clinical practice using the cut-off value of the visceral fat area.

MATERIALS AND METHODS
=====================

Subjects
--------

Among children and adolescents who visited obesity clinics of three university hospitals in Seoul and Gyeonggi province from 1998 to 2009, 336 applicants (142 boys and 194 girls) who underwent visceral fat measurement with CT were screened. Those who had obesity-causing diseases and severe liver and kidney diseases were excluded from the study. Girls who had history of using oral contraceptive were also excluded. Finally, a total of 314 subjects (131 boys and 183 girls) were included. All the subjects completed an informed consent form before participating in the study, and the study was conducted after the approval of the Institutional Review Board of the School of Medicine of The Catholic University of Korea.

Measurement of body indices
---------------------------

The subjects\' height and weight were measured with a body-measuring device and an automatic balancer while the subjects were wearing light clothes. As for the waist circumference, the thinnest area between the inferior part of the lowest rib and the iliac crest was measured in cm. The systolic and diastolic blood pressures were measured twice with an automatic blood pressure monitor after a stable condition for at least 10 minutes, and the mean value was used.

Measurement of abdominal visceral fat and subcutaneous fat
----------------------------------------------------------

The areas of subcutaneous fat and visceral fat were calculated with a computer installed in a CT after the level of the fourth and fifth lumbar vertebra was scanned with a CT (Somatom Plus, Siemens, Germany). A protection device made of lead was used to minimize the exposure to X-ray during CT scan.

Laboratory tests
----------------

The fasting blood sugar; the total cholesterol and triglycerides; and the high-density lipoprotein cholesterol were measured after collecting blood samples in a 12-hour fasting condition.

Criteria for obesity-related diseases
-------------------------------------

### For 10 to 15-year-old subjects

As for the criteria for metabolic syndrome, the criteria for pediatric metabolic syndrome that were suggested by the International Diabetes Association in 2007 were used.[@B10] As for the criteria for obesity-related diseases, the following criteria were used, except for the waist circumference, because the purpose of this study was to analyze the waist circumference that increases the risks of obesity-related diseases.

1\) Waist circumference of 90 percentile or higher based on age and gender according to the revised version of the standard growth graph in Korean children and adolescents (2007)

2\) Triglycerides of 150 mg/dL or higher

3\) High-density cholesterol of less than 40 mg/dL (for both male and female)

4\) Systolic blood pressure of 130 mm Hg or higher, or diastolic blood pressure of 85 mm Hg or higher

5\) Fasting blood sugar of 100 mg/dL or higher

### For 16-year-old or older subjects

According to the criteria for pediatric metabolic syndrome proposed by the International Diabetes Association in 2007, the criteria for people aged 16 years and older were identical with the adult criteria for metabolic syndrome. In this study, the criteria for modified Adult Treatment Panel III (ATP III) (2005), which added to the aforementioned criteria the diagnosis criteria for abdominal obesity in Asians suggested by the West Pacific Office of WHO (2000) based on the National Cholesterol Education Program ATP III (2001), were used.[@B13] As for the criteria for obesity-related diseases, the following criteria were used, except for the waist circumference, for the same reason as that mentioned previously.

1\) Waist circumference \>90 cm (boys), \>80 cm (girls)

2\) Triglycerides of 150 mg/dL or higher

3\) High-density cholesterol of less than 40 mg/dL (boys), 50 mg/dL (girls)

4\) Systolic blood pressure of 130 mm Hg or higher, or diastolic blood pressure of 85 mm Hg or higher

5\) Fasting blood sugar of 100 mg/dL or higher

Statistical Analysis
--------------------

SPSS for Windows Version 15.0 (SPSS Inc., USA) was used for the statistical analysis. The characteristics of the subjects based on sex were investigated using the t-test. The relative risk of metabolic syndrome was investigated based on the BMI and the visceral fat area. As for the visceral fat area that increases the risk of obesity-related diseases, after setting specificity on the horizontal axis and sensitivity on the vertical axis, the receiver operating characteristics (ROC) curve was drawn, and the best cut-off point was obtained as the highest sum of the sensitivity and specificity values. In addition, the waist-to-height ratio that corresponded to the visceral fat area that increases the risk of obesity-related diseases was calculated via simple regression analysis. A *p*-value less than 0.05 was considered to be statistically significant.

RESULTS
=======

Subject characteristics
-----------------------

The mean BMI of all the subjects was 30.82±4.1 kg/m^2^, which shows a more obese condition than that of the general group. No significant differences in the diastolic blood pressure, fasting blood sugar, and abdominal subcutaneous fat were found between boys and girls. All the other indices, however, except for HDL-cholesterol, were significantly higher in boys than in girls (*p*\<0.05) ([Table 1](#T1){ref-type="table"}). No significant differences in the systolic blood pressure, triglycerides, and HDL-cholesterol were found between the group aged 16 years and higher and the group aged less than 16 years. The visceral fat area was higher in the group aged 16 years and higher, as expected. On the other hand, no significant differences in the waist-to-height ratio and the visceral fat area/subcutaneous fat area ratio were found, based on age ([Table 2](#T2){ref-type="table"}).

Cut-off value of visceral fat area associated with increased prevalence of obesity-related diseases and corresponding waist-to-height ratio
-------------------------------------------------------------------------------------------------------------------------------------------

The ROC curve was analyzed after classifying the total subjects into the group aged 10-15 years and the group aged 16 years and higher. The cut-off value of the visceral fat area that increases the risks of obesity-related diseases was 68.57 cm^2^ (sensitivity 59.8%, specificity 76.6%, *p*=0.01) in the group aged 10-15 years, and 71.10 cm^2^ (sensitivity 72.3%, specificity 76.5%, *p*\<0.001) in the group aged 16 years and higher ([Fig. 1](#F1){ref-type="fig"}). Based on these results, the waist-to-height ratio that corresponded to the cut-off value of the visceral fat area that increases the frequency of obesity-related diseases was calculated via simple regression analysis. It was 0.54 in boys and 0.61 in girls in the group aged 10-15 years, whereas it was 0.51 in boys and 0.56 in girls in the group aged 16 years and higher (*p*\<0.005) ([Fig. 2](#F2){ref-type="fig"}).

Frequency of obesity-related diseases
-------------------------------------

Of all the subjects, 98 (31.2%) had no obesity-related diseases and 102 (32.5%) had one obesity-related disease, whereas 114 (36.3%) had at least two obesity-related diseases. When the subjects were classified into four groups based on a BMI of 30 and the visceral fat area (10-15 years \<68.57cm^2^, 16 years and higher \<71.10 cm^2^), the frequency of obesity-related diseases of the groups showed statistical significance (*p*\<0.001) ([Table 3](#T3){ref-type="table"}).

Frequency of metabolic syndrome
-------------------------------

Of all the subjects, 105 (33.4%) had metabolic syndrome,[@B10] of which 54 (41.2%) were boys and 51 (27.9%) were girls. When the relative risk of each risk factor based on the group with the lower BMI and smaller visceral fat area (BMI\<30,visceral fat area: 10-15 years \<68.57 cm^2^, 16 years or higher \<71.10 cm^2^), the odds ratio of metabolic syndrome based on the differences in the BMI and the visceral fat area showed a statistically significant increase ([Table 4](#T4){ref-type="table"}).

DISCUSSION
==========

Although several studies have reported that the visceral fat area is associated with the risk of obesity-related diseases in children and adolescents,[@B14],[@B15] no study has suggested a detailed reference value. Direct measurement of the visceral fat area is the most accurate way to predict the risk of obesity-related diseases. It is, however, difficult to implement in clinical practice. Therefore, it is important to establish indices and reference values that can easily predict the risk of obesity-related diseases. Furthermore, it is cumbersome to apply the conventional BMI or waist circumference to children and adolescents, because the conversion process via the standard growth graph is required. Furthermore, recent studies have reported that the waist-to-height ratio is more accurate than the BMI or the waist circumference.[@B16],[@B17]

McCarthy suggested[@B17] that the cut-off value of the waist-to-height ratio should be 0.5. Another study on Chinese children and adolescents suggested[@B12] 0.445 and 0.485 as the cut-off values for an overweight condition and for obesity, respectively, which show significant discrepancies with the values obtained in the present study. This is likely due to the fact that the focus of the previous studies was the diagnosis of obesity and an overweight condition, whereas the risk of obesity-related diseases was the focus of this study. According to a recent study that compared the visceral fat and the waist-to-height ratio via dual-energy X-ray absorptiometry,[@B18] the waist-to-height ratio was more accurate than the other indices. Regardless of gender and age, the aforementioned study suggested the cut-off value of 0.54, which was closer to the results of this study than the cut-off values suggested by the previous studies.

In this study, the cut-off value of the waist-to-height ratio was higher in girls than in boys, and was higher as the subject was younger. This result is likely due to higher waist circumference that corresponded to the same amount of the visceral fat area in girls than in boys, and is similar to the results of a previous study on adults.[@B8],[@B9] As shown in the characteristics of the subjects, the visceral fat area/subcutaneous fat area ratio (VSR) was lower in girls than in boys, which means that the subcutaneous fat ratio was higher in girls than in boys. In adults, this result is known to be due to the effect of female hormones. More comprehensive studies are required to determine if this result was caused by female hormones[@B19] in children and adolescents.

In addition, there are two possibilities with respect to the higher cut-off value of the waist-to-height ratio as the subject was younger. First, obesity-related diseases seems to be hard to occur at a young age. Second, the waist-to-height ratio becomes relatively lower because people become taller as they grow.

Compared to the group with a lower BMI and visceral fat area, the relative risk of obesity-related diseases in higher BMI and visceral fat area group was 2.18 to 10.15, showing lower relative risk than that in the study on adults.[@B9] The relative risk increased with a bigger visceral fat area, rather than with a higher BMI. This result suggests that obesity-related diseases occur less in younger age even if a similar degree of abdominal obesity exists, and that the visceral fat area is more important than the BMI in the evaluation of the risk of obesity-related diseases in children and adolescents.

This study had a few limitations. The result of this study cannot be generalized in all children and adolescents or in subjects with normal weight, as this study was conducted on obese children and adolescents who visited university hospitals. Furthermore, the hormone effect was not evaluated, as the menarche was not checked in girls. Despite the aforementioned limitations, this study is valuable in that it suggested the cut-off values of the visceral fat area and the waist-to-height ratio that predict the risk of obesity-related diseases rather than the cut-off values that simply diagnose an overweight condition and obesity, and provided a foundation for implementation in clinical practice.
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![Receiver-operating characteristics (ROC) curve of cut-off value of visceral fat area (VFA) to increase the obesity-related disorder. (A) Age 10-15. (B) Age 16-18.](ymj-53-99-g001){#F1}

![Correlations between visceral fat area (VFA) and waist-to-height ratio. In age 10-15, the vertical and horizontal lines represent VFA of 68.57 cm^2^ and the waist-to-height ratio corresponding to a VFA of 68.57 cm^2^ by simple regression line. In age 16-18, the vertical and horizontal lines represent VFA of 71.10 cm^2^ and the waist-to-height ratio corresponding to a VFA of 71.10 cm^2^ by simple regression line.](ymj-53-99-g002){#F2}
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General Characteristics of the Study Subjects by Gender
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VSR, visceral fat area/subcutaneous fat area ratio; HDL, high density lipoprotein; SD, standard deviation.
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General Characteristics of the Study Subjects by Age
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VSR, visceral fat area/subcutaneous fat area ratio; HDL, high density lipoprotein; SD, standard deviation.
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Frequency of Obesity-Related Disorders in Non-Obese and Obese Subjects with Low and High VFA
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BMI, body mass index; VFA, visceral fat area.

Low VFA, visceral fat area \<68.57 cm^2^ for age 10-15, visceral fat area \<71.10 cm^2^ for age \>15; 0, No obesity-related disorder; 1, single disorder; ≥2, two of more disorder.

^\*^*p*\<0.001.

###### 

Prevalence of the Metabolic Syndrome in Non-Obese and Obese Subjects with Low and High VFA
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BMI, body mass index; VFA, visceral fat area.

Low VFA, visceral fat area \<68.57 cm^2^ for age 10-15, visceral fat area \<71.10 cm^2^ for age \>15.
